. Revenga (1989) found that while educational earning differentials expanded drastically in the United States in the 1980s, the college wage premium in Japan increased only slightly. As Genda (1998) showed, the underlying reason is that the employment of skilled workers, such as older male college graduates, expanded rapidly in Japan, resulting in an excess supply of skilled workers relative to the number of available management positions that contributed to the stagnation of earnings for older college graduates. Probably partly as a result of this decline in the rates of return, the accumulation of physical and human capital has slowed down over the past decade (table 1.1). 1 We should note that according to standard trade theory, rapid growth based on capital accumulation is sustainable if the economy gradually specializes in physical and human capital intensive products. Under such a specialization process, the factor price equalization mechanism will work to offset the effect of diminishing rates of return to physical and human capital. For Japan, the 1990s were an age of "globalization" marked by a deepening of the international division of labor, especially with other East Asian countries: not only did international trade and direct investment flourish, there has also been a marked change in the commodity composition of both imports and exports, and East Asia has overtaken North America as the most important origin and destination of Japan's trade. Trade theory suggests that this deepening of the international division of labor would lead Japan to further specialize in physical and human capital-intensive products and to outsource unskilled labor-intensive products to other East Asian countries, and these changes in trade patterns should affect the ratio of wages to the rental prices of capital and the ratio of skilled labor wages to unskilled labor wages. The purpose of this paper is to examine this deepening of the international division of labor since the 1980s and to evaluate how much of the diminishing rate-of-return effect was cancelled out by the international division of labor.
Several recent studies, such as Feenstra and Hanson (1996b , Kimura (2001) , and Fukao, Ishido, and Ito (2003) , have shown that the fragmentation of the production process and vertical intraindustry trade (i.e., intraindustry trade where goods are differentiated by quality) between developed and developing economies may have boosted the vertical division of labor within industries. This type of international division of labor would cause a deepening of the physical and human capital within each industry in developed economies. However, as the resulting capital deepening will occur within each industry, we cannot correctly analyze this type of division of labor by using interindustry trade data. Consequently, we study the international division of labor by looking at both interindustry trade and intraindustry trade.
The remainder of the paper is organized as follows. In section 1.2, we examine physical and human capital deepening in Japan. In section 1.3, we take a broad look at Japan's interindustry trade and factor contents in order to measure to what extent Japan's capital deepening is offset by international trade. In section 1.4, after providing an overview of the changes in Japan's intraindustry trade and vertical division of labor, we conduct econometric analyses to investigate the determinants of the changes in factor intensities using industry-level data. Section 1.5 presents our conclusions.
Physical and Human Capital Deepening in the Japanese Economy
In this section, we look at the trends of physical and human capital deepening in Japan and examine the macroeconomic change in the capitallabor ratio and the change in the skilled-labor ratio (the percentage of skilled labor in total labor) by decomposing these changes into the contribution of the increase in the capital-labor ratio or the share of nonproduc-tion workers within each industry (the within effect) and the contribution of the reallocation between industries (the between effect).
First, we consider the increase in the capital-labor ratio and the share of nonproduction (or skilled) workers in the manufacturing sector and the Japanese economy as a whole. As figure 1.2 shows, the capital-labor ratio measured as real capital stock (in 1990 prices) divided by the number of workers has increased considerably over the last three decades: the capitallabor ratio for both the economy as a whole and manufacturing industry grew fivefold from three million yen per person in 1970 to 15 million yen per person in 1998.
In order to examine human capital deepening in Japan, we compiled data on the number of nonproduction or skilled workers using the data of the Population Census. "Skilled workers" are persons whose profession is classified either as "professional and technical" or as "managerial and administrative." We define "nonproduction workers" here as persons whose profession falls into one of the following categories: professional and technical occupations; managers and administrators; clerical and secretarial occupations; sales occupations; service occupations; protective occupa- tions; occupations in agriculture, forestry, and fishing; occupations in transportation and telecommunications; and other occupations. The definition of nonproduction workers is much broader than the definition of "skilled workers" and includes not highly educated workers. The share of nonproduction (or skilled) workers in the total number of workers has been increasing, as shown in figure 1.3, though the growth rate is much more moderate than that of the capital-labor ratio. In the period from 1980 to 2000, the share of nonproduction workers in manufacturing increased from 27.7 percent in 1980 to 30.7 percent in 2000. 2 The share of skilled workers also grew during 1980-2000: in the manufacturing sector, it rose from 9.0 percent to 10.5 percent, while in the economy as a whole it expanded from 9.8 percent to 13.9 percent. 3 The increase in the capital-labor ratio and in the share of nonproduction (or skilled) workers can be decomposed into the contribution of the increase within each industry (within effect) and the contribution of the re-2. This latter value, though, is substantially below the peak of 32.3 percent reached in 1997. The decline in the share of nonproduction workers since 1998 is most likely the result of firms' restructuring efforts-the dismissal of managers, sales personnel, and so on-following the further deterioration of the Japanese economy.
3. For details on the compilation of the skilled/nonproduction workers data, see appendix.
allocation between industries (between effect) using the following decomposition formula:
share of nonproduction (or skilled) workers in total number of workers in industry i S i ϭ ᎏ L L i ᎏ: share of workers in industry i in total number of workers in the economy as a whole or in the manufacturing sector.
Variables with an upper bar denote the average value of the period. ⌬ denotes the change in the variable over time. The first term of the right-hand side represents the increase in the factor intensity within each industry (within effect), while the second term represents the reallocation between industries (between effect). Ideally, we should use highly disaggregated cross-industry data available for our decomposition analysis. Unfortunately, such data were unavailable, so we had to use the relatively aggregated data of the JIP database. 4 We should note that our estimates of the within effect might suffer from upward biases as a consequence of this aggregation problem.
The results of our decomposition analysis are reported in tables 1.2 and 1.3. As for the growth in the capital-labor ratio, the decomposition provided in table 1.2 shows that there was a negative between effect in most periods between 1970 and 1998, thus providing evidence for the decline of the capital-intensive sectors of the economy. Moreover, the magnitude of the between effect is very small throughout the entire period, and most of the growth in the capital-labor ratio is attributable to the within effect. In contrast, the decomposition of the growth of the share of skilled or nonproduction workers presented in table 1.3 shows that here the between effect was positive in all cases, indicating that the share of human capital-intensive industries has increased steadily both in the manufacturing sector and in the economy as a whole. The within effect was also positive with the ex-
Physical and Human Capital Deepening and New Trade Patterns in Japan 13 4. In the following decomposition, we used data of thirty-five manufacturing industries and forty-three nonmanufacturing industries. ception of two cases in the period of 1990-2000, and it was always greater than the between effect except for these two cases.
The most important implication of these results is that the within effect is very large. Some part of this within effect may have been caused by the international division of labor within each industry. We analyze this issue in section 1.4.
Our decomposition analysis thus suggests that physical and human capital deepening in the Japanese economy is mostly attributable to the within-industry shift, not to the between-industry shift, though we could see a negative within effect during the period 1990-2000 for the share of nonproduction workers in the manufacturing sector and the share of skilled workers in the whole economy. In the last two decades, and particularly in the 1990s-the age of globalization-both the within-industry capital deepening and the between-industry allocation may have been caused by expanding international trade. The between-industry shift may be partly explained by the change in patterns of interindustry trade, which affects the size of each industry in Japan, while the within-industry shift may be explained by the change in patterns of intraindustry trade, which affects the mixes of factor inputs in each industry. In the following sections, we will examine the change in Japan's trade patterns and analyze the determinants of the changes in factor intensities in Japan.
Japan's Interindustry Trade and Factor Contents
In this section, we take a general look at the pattern of Japan's interindustry trade in the last two decades and then estimate how factor contents in Japan's international trade changed during this period.
Overview of Japan's International Trade
Although Japan's overall import-gross domestic product (GDP) ratio has gradually declined over the last two decades, imports of manufactured products have actually grown faster than the economy as a whole (see table 1.4). According to Japan's trade statistics, the increase in imports mainly concentrated on electrical machinery and labor intensive goods, such as apparel and wooden products. Because the share of the manufacturing sector in GDP declined during this period, the ratio of imports of manufactured products to gross value added in the manufacturing sector increased rapidly, by 11.5 percentage points from 15.2 percent in 1985 to 26.7 percent in 2000 (table 1.4). 5 The commodity composition of Japan's exports at the two-digit level has remained relatively stable over the last fifteen years. Nevertheless, looking at trade patterns at a more detailed commodity classification level, it becomes clear that Japan's specialization has changed: the country is increasingly specializing in the export of capital goods and key parts and components in the automobile and electrical machinery sector, while it has become a net importer of many household electrical goods. 6 What is more, along with the change in the commodity composition, 30.7 percent in 1990 (Sachs and Shatz 1994) . Comparing export shares and import penetration in the United States, Canada, the United Kingdom, and Japan during the period 1974-1993, Campa and Goldberg (1997) found import penetration to be extremely stable and significantly lower in Japan than in the other countries. However, if we were to conduct a similar analysis today using more recent data, we would probably reach a different conclusion.
6. The share of machine parts in Japan's total exports to East Asia increased from 31.7 percent in 1990 to 40.2 percent in 1998, while the share of capital goods, which include some machine parts, increased from 53.2 percent to 56.8 percent during the same period (MITI 1999). there has been a shift in the regional composition of Japan's trade, with East Asia replacing North America as the most important region for the country's exports and imports. As figure 1.4 shows, trade with nine East Asian economies (China, Hong Kong, Taiwan, Korea, Singapore, Indonesia, Thailand, the Philippines, and Malaysia) accounted for 48.5 percent of Japan's total manufactured imports and 41.0 percent of total manufactured exports in 2000. The increase in the nine East Asian economies' share in Japan's exports and imports extends across almost all manufacturing industries, suggesting that there has been a significant rise in two-way trade between Japan and the East Asian economies (see figure 1.5). Particularly conspicuous is the jump of these economies' share in Japan's electrical machinery imports between 1990 and 2000. A large rise can also be observed in many labor intensive products, which in this figure are classified as "other manufactured products" or "pottery." As a result, by 2000, the nine East Asian economies provided 64.2 percent of Japan's electrical machinery imports and 49.2 percent of Japan's imports of "other manufacturing products." The East Asian economies' share in Japan's total imports of machinery and intermediate products such as metal products and chemical products also increased rapidly. On the export side, the increase in the East Asian economies' share in the 1990s was particularly pronounced in the electrical machinery and precision machinery sectors. This rise in Japan's imports of labor-intensive products and exports of capital-and technology-intensive products (such as machinery and advanced intermediate products) can be easily recognized as a deepening of the international division of labor with the relatively unskilled labor abundant East Asian economies. However, how can we interpret the rapid ex- pansion in the two-way trade within many industries? As an illustration, let us look at Japan's bilateral trade in electrical machinery (at the three-digit level) with China and Hong Kong in 1999. This is where the conspicuous increase in two-way trade in recent years has been concentrated, and the patterns that can be observed provide a clue to answering the preceding question. These patterns are shown in table 1.5 and point at two important facts. First, they suggest a division of labor within the electrical machinery industry: vis-à-vis China and Hong Kong, Japan is a net importer of relatively labor-intensive products (such as television and radio-broadcast receivers and electrical household goods) but a net exporter of other, more technology-intensive products. This means that in order to correctly understand the division of labor and factor contents in trade between Japan and East Asia, we need to analyze trade patterns at the detailed commodity level; otherwise, the analysis will suffer from aggregation bias problems (Feenstra and Hanson 2000) .
The second important fact this table shows is the existence of huge intraindustry trade between Japan and China plus Hong Kong. For example, in the case of television receivers, the total trade value is thirty-seven times greater than the trade balance. It seems that we need to analyze intraindustry trade in order to correctly evaluate the impact of trade on the Japanese economy. We do this in section 1.4.
Factor Contents in Japan's Trade in Manufacturing Products
In this subsection, we analyze the changes in factor contents in Japan's trade. In order to avoid aggregation bias, we should calculate factor contents at the most disaggregated level possible. 7 The most disaggregated data on direct factor requirements are those available in the Report on Industrial Statistics of the Ministry of International Trade and Industry, which is based on the Census of Manufacturers. The data are classified by the four-digit Standard Industrial Classification for Japan, which listed 540 manufacturing industries in 1990.
There is no direct converter between this industry classification and the nine-digit Harmonized Commodity Description and Coding System (HS) classification used by the Ministry of Finance for the compilation of Japan's international trade statistics. In order to link the two data sets-on factor requirements and on international trade-we used the basic industry classification of the Japan Input-Output Tables 1990 by the Management and Coordination Agency, which lists 341 manufacturing industries, as our benchmark classification. Using the supplementary converter tables Physical and Human Capital Deepening and New Trade Patterns in Japan 19 7. Using the Management and Coordination Agency of the Japanese Government's "1980-85-90 Linked Input-Output Tables," Sakurai (2004) estimated factor contents in Japan's trade for the years 1980, 1985, and 1990 . of the input-output (I-O) statistics, we converted both the factor requirement data and the international trade data into the basic I-O classification. As a result, we obtain factor requirement and international trade data for 246 manufacturing industries. 8 However, because inverse matrix coefficients were available for only 103 manufacturing industries, we reclassified the data for 246 manufacturing industries into 103 manufacturing industries. Then we estimated direct and indirect factor requirements using the corresponding I-O table.
Ideally, we would use up-to-date factor requirement data and I-O tables in order to take changes in production technologies into account. Unfortunately, data on the factor requirements for production and nonproduction workers are available only until 1990 because the Census of Manufacturers after that year does not cover headquarter activities. Because of this constraint, we used constant-factor requirement and I-O data of 1990 for our analysis of the entire 1980-2000 period. 9 Factor content in Japan's trade in year t (t ϭ 1980, 1990, 2000) is calculated by j ] denotes the quantity of primary factor k directly used per unit of output in industry j in year 1990. (J ϫ J ) matrix A is the input-output matrix of year 1990. 10 (J ϫ 1) vector T t is the net-export vector of year t in 1990 prices. In order to derive trade data in 1990 prices, we used the deflators of the Management and Coordination Agency's Japan Linked Input-Output Tables and the Wholesale Price Index of the Bank of Japan at the three-digit level. 11 We analyzed factor content in terms of the following four primary factors: physical capital (book value), production labor (number of workers), Physical and Human Capital Deepening and New Trade Patterns in Japan 21 8. The factor requirement data of the Census of Manufacturers are on an establishment basis, and each establishment is classified by its most important product. Because many establishments produce various commodities simultaneously, this classification method is problematic. The I-O converter from the Census of Manufacturers to the basic I-O classification takes account of this problem and converts establishment-based data into activity-based data. We used the I-O converter in order to construct the factor requirement data for each I-O classification-based industry. Therefore, our factor requirement data were also transformed into the activity-based data.
9. Because of this methodology, there is a risk of overestimating factor contents in trade in recent years in the case of industries where total factor productivity has grown rapidly.
10. The I-O matrix here covers only manufacturing industries. Therefore, our analysis does not include indirect factor requirements through changes in production in nonmanufacturing industries.
11. The conversion of trade statistics at the HS nine-digit level into trade data classified at the basic industry level of the I-O tables in 1990 price was conducted by H. Nosaka, T. Inui, K. Ito, and K. Fukao as part of the Japan Industrial Productivity (JIP) database project. The result is included in the JIP database. For more detail on this database, see Fukao, Inui, Kawai, and Miyagawa (2004) . nonproduction labor (number of workers), and land (book value). 12 In order to analyze how the increase in Japan's trade with the East Asian economies affected Japan's factor markets, we subdivided Japan's total net exports in each industry into gross exports and gross imports by six regions, namely (a) China and Hong Kong; (b) the newly industrialized economies (NIEs)-3 (Taiwan, South Korea, and Singapore); (c) the Association of Southeast Asian Nations (ASEAN)-4 (Indonesia, Thailand, Malaysia, and the Philippines); (d) the United States; (e) the European Union (EU); and (f) all other economies.
The results of the factor content analysis for the years 1980, 1990, and 2000 are reported in table 1.6. Reflecting Japan's huge trade surplus, Japan is a net exporter of all the four primary factors. For example, according to our calculations, in the year 2000, Japan recorded factor content net exports of 363,000 production workers, which represents 4.7 percent of the total of production workers (7,717,000) in manufacturing in 1990. Compared with the trade pattern observed in 1990, the 2000 figure for factor content net exports of production labor represents a decline of 42 percent. This decline was almost entirely caused by Japan's trade with China and Hong Kong (see table 1.7). In the year 2000, about one-third of factor content gross imports of production workers came from China and Hong Kong (table 1.6).
In the case of nonproduction workers, there were factor content net exports of 378,000 nonproduction workers in the year 2000, which represents 10.9 percent of the total of nonproduction workers (3,456,000) in manufacturing in 1990. Compared with trade patterns in 1980, net exports of nonproduction workers have increased by 89,000, which is equivalent to 2.6 percent of the total of nonproduction workers in 1990. The major increase in this factor content occurred in Japan's trade with the United States (table 1.7).
In the case of land, factor content net exports in 2000 amounted to 1.36 trillion yen (in 1990 prices), which is equivalent to 10.5 percent of the total land value (12.9 trillion yen) used in manufacturing in 1990. Net exports of land have gradually declined over the last twenty years (table 1.7).
Capital stock factor content net exports in 2000, meanwhile, stood at 9.12 trillion yen (in 1990 prices), which represents 16.5 percent of the total capital stock (55.4 trillion yen) in manufacturing in 1990. Compared with 1980, this represents an increase in net exports of capital stock by 1.1 trillion yen or 2.0 percent of the total capital stock in 1990 (table 1.7).
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Keiko Ito and Kyoji Fukao 12. Ideally we would use the real values of physical capital and land stocks instead of the book values. However, we chose to use the book values because it is difficult to obtain capital stock and land stock deflators at such a detailed industry level. While it would be possible to roughly estimate the ratio of real value to book value of physical capital stock by utilizing various survey data on capital stocks, it would be extremely difficult to estimate the real value of land due to data constraints and the volatility of land prices. Relative to the total amount of each of the four primary input factors used in manufacturing, Japan exported a large amount of capital and nonproduction labor but only a small amount of production labor in 2000. Because nonproduction workers, on average, are more educated than production workers and Japan is a country abundant in physical and human Physical and Human Capital Deepening and New Trade Patterns in Japan 25 capital, the preceding results are consistent with the Heckscher-Ohlin theory.
As table 1.7 shows, in the period from 1980 to 2000, Japan's factor content net exports of production workers fell by 3.3 percent, while net exports of nonproduction workers rose by 2.6 percent. This change in trade patterns has the effect of increasing the implied supply ratio of production/ nonproduction workers available to the manufacturing sector for other use by about 5.9 percent. More than one-half of this change (3.2 percent) was caused by Japan's trade with China and Hong Kong.
During 1980-2000, Japan's factor content net exports of capital stock grew by 2.0 percent, while net exports of workers overall (production and nonproduction) decreased by 1.5 percent. This change in the trade pattern has the effect of reducing the implied supply of capital stock per worker available to the manufacturing sector for other use by 3.5 percent. Thus, compared with the impact on the implied supply ratio of production/nonproduction workers, the effect of recent changes in trade patterns on the implied supply of capital stock per worker has been small.
By a similar calculation using the results of the factor content analysis at the four-digit level carried out by Feenstra and Hanson (2000) , we can evaluate the impact of U.S. trade on its factor markets. This shows that in the period of 1982-1994, changes in U.S. trade patterns had the effect of increasing the implied supply ratio of production/nonproduction workers available to the manufacturing sector for other use by 1.0 percent, while the implied supply of capital stock per worker available to the manufacturing sector for other use fell by 2.3 percent. 13 Thus, compared with the United States, Japan experienced a much more drastic change in factor content net exports over the last two decades in terms of its implied supply ratio of production/nonproduction workers available to the manufacturing sector for other use.
The trends shown here mean that Japan's factor content net exports have changed in a direction that offsets the effect of the accumulation of physical and human capital per capita. Japan has come to export more physical and human capital-intensive products over the past two decades. However, compared with the rapid deepening of physical and human capital in the macroeconomy described in section 1.2, the offsetting effect of international trade seems to be small. Table 1 .8 compares overall physical or human capital deepening in the Japanese manufacturing sector with that purely attributable to changes in factor contents of trade. Although the average annual growth rate of the capital-labor ratio for the manufacturing 26 Keiko Ito and Kyoji Fukao 13. In the period 1982-1994, the United States saw an increase in its factor content net imports of production (nonproduction) workers in manufacturing of 8.2 percent (7.2 percent). It also experienced a rise in factor content net imports of capital stock in manufacturing of 5.5 percent and a decline in net exports of (production plus nonproduction) workers of 7.8 percent of total workers in manufacturing. sector total is 7.60 percent for the 1980-1998 period, the growth rate becomes very small at 0.18 percent when we only take account of the change in the factor contents of trade. As for the growth rate of the share of nonproduction workers, the offsetting effect of international trade is also small for the 1980-1990 period and throughout the 1980-2000 period. However, in the 1990s, the contribution of international trade to the growth of the share of nonproduction workers in the Japanese manufacturing sector is much larger, which implies a significant effect of international trade on Japan's human capital deepening.
Japan's Intraindustry Trade and the Determinants of Factor Intensity within Industry
So far, we have found that the macro-level capital-labor ratio has been increasing over the last two decades and that most of the increase is attributable to the within-industry shift and not the between-industry shift. Moreover, most of the macro-level increase in the skilled or nonproduction labor share in the total number of workers has also been induced by the within-industry shift. As has been argued in previous studies, the international division of labor through the fragmentation of production processes and the import of unskilled labor-intensive intermediate inputs may have contributed to an increase in the relative demand for skilled labor in each industry. That is, if firms fragment their production into discrete activities and move nonskill-intensive activities abroad, then trade will lead to a shift in employment toward skilled workers within those industries. This type of international division of labor has been referred to as "outsourcing" in the recent literature. Hanson (1996a,b, 1999) and Hine (2003), for example, provide econometric evidence of a positive relationship between outsourcing and the demand for skilled labor. Although the international fragmentation of production has been increasing rapidly in Japan in recent years, too, contributing to changes in trade patterns, there are few studies analyzing the impact of fragmentation on labor and capital. 14 Moreover, vertical intraindustry trade (VIIT), i.e., intraindustry trade where goods are differentiated by quality, may have a large impact on factor demands within each manufacturing industry in Japan. As Falvey (1981) pointed out in his seminal theoretical paper, commodities of the same statistical group but of different quality may be produced using different mixes of factor inputs. Therefore, developed economies like Japan may export physical and human capital-intensive products of high quality and import unskilled labor-intensive products of low quality from developing economies. As a result, an increase in VIIT may also raise the physical and human capital intensity in Japan.
In the following subsections, we briefly outline the changes in outsourcing and VIIT patterns by industry in Japan for the period from 1988 to 2000. 15 We also discuss the relationship between changes in factor demand and trade patterns by industry. Using industry-level data, we conduct econometric analyses to investigate the determinants of the observed growth in the skilled labor share in total workers and in the capital-labor ratio. We should note that due to data constraints, the following analysis is limited to the manufacturing sector. Figure 1 .6 shows the share of VIIT, a broad outsourcing measure, and a narrow outsourcing measure by industry for the year 2000, while figure 1.7 presents the average annual growth rates of these values from 1988 to 2000 by industry. 16 Following major preceding studies such as Greenaway, Hine, and Milner (1995) and Fontagné, Freudenberg, and Péridy (1997) , our VIIT measure is calculated based on the assumption that the gap between the unit value of imports and the unit value of exports for each commodity reveals the qualitative differences of the products exported and imported between the two countries. Our measures of broad and narrow outsourcing are constructed following Feenstra and Hanson (1999 16. For the definition of VIIT and broad and narrow outsourcing measures, see appendix. For a more detailed analysis of VIIT in Japan and East Asia, see Fukao, Ishido, and Ito (2003) . the VIIT share in the year 2000 was relatively high (more than 30 percent) in publishing and printing, other chemicals, metal products, electrical machinery, miscellaneous electrical machinery, and precision machinery and equipment.
Industry-Level Overview of Fragmentation and Factor Intensity
On the other hand, the broad outsourcing measure was high (more than 15 percent) in food products (livestock products and processed marine products), apparel and accessories, lumber and wood products, leather and leather products, basic chemicals, chemical fibers, nonferrous metals, other electrical machinery, and precision machinery and equipment. The narrow outsourcing measure was high (more than 5 percent) in food products (livestock products and processed marine products), lumber and wood products, pulp, paper and paper products, leather and leather products, basic chemicals, petroleum products, steel manufacturing, nonferrous metals, other electrical machinery, other transportation equipment, and precision machinery and equipment. Figure 1.7 shows that the VIIT share and outsourcing measures increased in most manufacturing sectors during the period from 1988 to 2000. In particular, we find that the outsourcing measures increased relatively more in food products, textile products, and machineries, while the VIIT share increased relatively more in food products, textile products, petroleum and coal products, nonferrous metals, and motor vehicles. Next, let us look at the correlations between changes in factor intensities, the VIIT share, and the outsourcing measures. Table 1 .9 summarizes the correlation coefficients between the annual growth rates of the shares of skilled workers, nonproduction workers, the VIIT share, and the broad and narrow outsourcing measures for the period from 1988 to 2000. Although we can see a positive correlation between skilled workers' share and the VIIT share, the correlation coefficient is not statistically significant. Moreover, the correlation coefficients between the capital-labor ratio and the VIIT share and between nonproduction workers' share and the VIIT share are negative, though not significant. As for changes in the outsourcing measures and factor intensities, a significantly positive correlation can be seen only in the case of skilled workers' share. Therefore, the simple correlation coefficient analysis does not provide strong support for the con-Physical and Human Capital Deepening and New Trade Patterns in Japan 31 jecture that outsourcing or VIIT may have contributed to physical and human capital deepening in each industry.
Econometric Analysis
In this section, we conduct a statistical analysis of the determinants of factor intensities using the industry-level data from 1988 to 2000. Several previous studies have analyzed the impact of fragmentation on skill upgrading (human capital deepening). Using detailed industry-level data for the United States, Hanson (1996a,b, 1999) estimate the effect of international outsourcing on wage inequality. conduct a similar analysis using U.K. data for fifty-three manufacturing industries for the period from 1982 to 1997. As for Japan, analyzes this issue using data for thirty-nine manufacturing industries for the period from 1987 to 1990. While the studies on the United States and the United Kingdom found a strong positive relationship between outsourcing and wage inequality, study on Japan did not produce such clear-cut evidence. Sakurai explains that his ambiguous result might be due to the short estimation period. The present paper aims at applying and extending the Feenstra and Hanson approach by using JIP industry-level data (thirty-five manufacturing industries) for the period from 1988 to 2000. In addition, we take account of the role of skill-biased technological change (SBTC) in the increase in skilled (nonproduction) worker intensity, utilizing the JIP IT (information technology) database. 17 As Hijzen, Görg, and Hine (2003) point out, the inclusion of the 1990s in the analysis is likely to be crucial as international fragmentation and information technology progressed rapidly during the decade. However, one drawback of our analysis is that we cannot calculate wage bills for skilled (nonproduction) and unskilled (production) workers due to data constraints. Therefore, we assume that the relative wage rates of skilled (nonproduction) and unskilled (production) workers have not changed over time, and we use the ratio of the number of skilled (nonproduction) workers to the total number of workers as a proxy for the share of skilled (nonproduction) workers' wage bill in the total wage bill.
A translog cost function approach, based on the work of Berman, Bound, and Griliches (1994) and Feenstra and Hanson (1996b) , is usually employed in the literature to estimate skill upgrading, and we follow this 32 Keiko Ito and Kyoji Fukao approach here. Similarly, following previous studies, we consider capital as a fixed input in the short run, while skilled and unskilled (nonproduction and production) workers are variable factors of production. Therefore, the short-run translog cost function can be presented as:
(1)
where C i is the variable cost for industry i, w ij denotes the wages of workers in skill group j, and x ik denotes the fixed inputs or outputs k. Differentiating the translog cost function with respect to wages yields the factor payments to skill group j over the total wage bill.
(2)
Assuming that quality-adjusted wages will be identical across industries, the wage terms can be dropped from the right-hand side of equation (2). We consider technological change, VIIT, and outsourcing as structural variables and assume there are three kinds of capital, namely IT hardware, IT software, and non-IT capital. A full set of year dummies is included in order to capture economywide skill upgrading as well as year-to-year changes in the wage levels faced by all industries. Therefore, we estimate the following equation:
where IThard, ITsoft, and NonIT denote the IT hardware stock, IT software stock, and non-IT capital stock, respectively; VA is the value added in industry i, RDexp/VA is a proxy for technological change calculated as expenditure on research and development over value added, VIIT represents the VIIT value over industry i's shipments, Outsourcing reflects either broad or narrow outsourcing, and D is a full set of year dummies. Subscript t represents time. In order to examine potential differences in the effects of VIIT with Asian countries and with other countries on factor demands in Japan, we prepare three variables representing VIIT: first, Japan's VIIT with all countries in the world divided by the industry's shipments; second, Japan's VIIT with the nine Asian economies divided by the indus-
Physical and Human Capital Deepening and New Trade Patterns in Japan try's shipments; and third, Japan's VIIT with all the countries except for the nine Asian economies divided by the industry's shipments. 18 In addition, using the industry-level data, we examine whether the international division of labor contributed to physical capital deepening in Japan. We use the capital-labor ratio (physical capital stock divided by the number of workers, KL) as the dependent variable and regress it on the logarithm of the wage rate relative to the rental price of capital (ln[wage/rental price]) and variables representing the degree of the international division of labor.
The results of the generalized least squares (GLS) estimation are presented in table 1.10. This shows that the estimated coefficients on ln(IThard/VA), ln(VA), and RDexp/VA are significantly positive in all cases where skilled workers' share (SKILLED) or nonproduction workers' share (NONPROD) in the total number of workers is used as the dependent variable (columns [1] to [4] ). The results imply that (a) IT hardware intensity has a positive impact on skill upgrading, and SBTC may have increased the share of skilled (nonproduction) workers; (b) the scale effect is positive and greater value added is associated with a higher skilled (nonproduction) workers' share; and (c) R&D intensity, which is a proxy for technological change, has a positive impact on skill upgrading. On the other hand, a significantly negative coefficient is obtained for ln(NonIT/ VA) in all cases but one in columns (1) to (4), which suggests that increases in non-IT capital intensity favor unskilled (production workers) in Japan. As for IT software intensity, the estimated coefficients are positive in columns (1) and (2) but negative in columns (3) and (4), though they are not statistically significant in any of the cases.
As for the VIIT share, the estimated coefficients are significantly positive in columns (1) and (2) but statistically insignificant in columns (3) and (4), suggesting that VIIT raises the skill intensity calculated as the share of workers whose occupation is classified as professional and technical or managerial and administrative. Moreover, looking at the magnitude of the coefficients in column (2), VIITasia9/shipments has a much larger coefficient than VIITnon-asia9/shipments. This may reflect the fact that vertical foreign direct investment (FDI) in the Asian economies tends to consist of the transfer of low-skilled production work to these countries while highskilled employees remain at home. We can confirm that Japanese manufacturing industries realized skill upgrading as a result of the international division of labor with the nine Asian economies. When the skill intensity is calculated as the share of nonproduction workers, however, VIIT does not have a significant impact on skill upgrading, though the estimated coefficient on VIIT is positive in columns (3) and (4). This result might be a reflection of the fact that Japanese firms reduced the share of nonproduction and nonprofessional workers (such as sales persons) in the course of the restructuring efforts during the 1990s.
Although narrow outsourcing has a positive coefficient and the difference between broad and narrow outsourcing has a negative coefficient in columns (1) to (4), none of the coefficients are significant. We could not find strong evidence that outsourcing to foreign countries contributed to skill upgrading in Japan, which is not consistent with the results of studies on the United States and the United Kingdom. Source: Authors' calculations.
Notes: The presence of AR(1) autocorrelation within panels and heteroskedasticity across panels is assumed. The numbers in parentheses are z-statistics. All equations include year dummies which are suppressed here. The estimation period for equations (1) to (4) is 1988-2000, while the estimation period for equation (5) is 1988-1998. Dependent variables: SKILLED indicates skilled workers' share in total number of workers; NONPROD indicates nonproduction workers' share in total number of workers; KL indicates capital-labor ratio. * * * Significant at the 1 percent level. * * Significant at the 5 percent level. * Significant at the 10 percent level.
As for the capital-labor ratio (column [5] ), none of the explanatory variables except for the VIIT variable have statistically significant coefficients. Although VIITworld/shipments has a significantly positive coefficient, the small value of the Wald statistic indicates the weak explanatory power of the equation. Again, we could not obtain strong evidence that VIIT and outsourcing contributed to physical capital deepening in Japan, suggesting that capital deepening was caused by other factors.
Conclusion
Our aim in this paper was to investigate changing trade patterns and their effect on factor intensities in Japan, mainly focusing on the manufacturing sector. We had expected that the increasing division of labor between Japan and its East Asian neighbors during the last two decades would have affected factor prices in Japan and consequently offset the diminishing rate of return to physical and human capital. However, our results suggest that the far-reaching change in trade patterns has not substantially altered the long-term trend of diminishing rates of return to capital.
Starting from the observation that the capital-labor ratio and the share of skilled workers in the total number of workers have been growing over the last couple of decades, we first conducted decomposition analyses and found that most of the macroeconomic change in the capital-labor ratio and the change in the skilled-labor ratio were attributable to a withinindustry shift rather than a between-industry shift. The between-industry shift can be partly explained by the change in patterns of interindustry trade that affects the size of each industry. However, the large withinindustry effect led us to suspect that the division of labor and intraindustry trade between Japan and Asian countries may have contributed to the within-industry increase in capital intensity and skilled labor intensity. Therefore, in addition to examining the factor contents of trade from the aspect of interindustry trade, we also analyzed whether the deepening of the international division of labor and vertical intraindustry trade contributed to the within-industry change in factor intensities in Japan.
The factor content analysis showed that Japan's factor content net exports of capital and nonproduction labor have grown rapidly, while net exports of production workers have fallen by a large amount. Interestingly, the analysis also showed that the decline in the production worker content of net exports was almost entirely caused by Japan's trade with China and Hong Kong. Although international trade to a considerable extent contributed to the growth in the share of nonproduction workers in the Japanese manufacturing sector as a whole, hardly any of the macro-level accumulation of physical capital was offset by the growth in factor content net exports of physical capital.
Moreover, our empirical analysis provided only weak evidence that the deepening international division of labor contributed to the change in factor intensities in Japan. We did not find a significant and robust positive relationship between fragmentation and capital-labor ratios. As for skill intensity, we found that VIIT had a strong positive effect on the increase in the share of skilled workers when these were defined as those holding professional and technical or managerial and administrative occupations. However, we did not find such a relationship when the skill intensity was calculated as the share of nonproduction workers. We should note that the skilled (professional, technical, managerial, and administrative) labor share in the total number of workers is only around 10 percent and is much lower than the share of nonproduction workers, which is around 30 percent.
According to our results, specialization in the export of skilled laborintensive products may have partly contributed to the increase in the relative demand for skilled (professional, technical, managerial, and administrative) labor within industry. However, at the same time, our results could also imply that changes in trade patterns (specialization in capitalintensive production) did not offset the excess supply of capital in Japan. Probably one plausible explanation for this small offsetting effect might be that VIIT or fragmentation patterns are not determined by the abundance of capital endowments but by other factors such as endowments with skilled labor, the agglomeration of industries, highly developed supporting industries, and so on. Davis and Weinstein (2003) , who empirically tested the determinants of firm-level trade patterns, conclude that after controlling for national factor accumulation, firm-level export decisions seem to have little correlation with the capital intensity of their production process. We do not know yet whether this story applies to the case of industry-level trade patterns and which factors matter for trade patterns. This, however, is an issue that deserves closer scrutiny in future investigations. conducted every five years, covering all permanent and temporary residents in Japan. The survey report provides data on employment by detailed occupational classification (three-digit level) and by industry. We used the 1980, 1985, 1990 , and 1995 employment data as benchmarks and interpolated the data for years between the benchmarks. As for the years after 1995, we utilized the Employment Status Survey data, published by the Statistics Bureau, Ministry of Public Management, Home Affairs, Posts, and Telecommunications, because the results of the 2000 Population Census were not yet available. The Employment Status Survey is based on a series of surveys that cover approximately 1 percent of the working population. We first calculated the skilled labor share for 1992, 1997, and 2002 based on the Employment Status Survey. Then, for the 1996 and 1997 data on skilled labor, we extended the 1995 employment data by occupation and industry using the growth rate of the skilled labor share from 1992 to 1997. For the 1998, 1999, and 2000 data, we extended the 1997 data using the growth rate of the skilled labor share from 1997 to 2002. The Population Census and the Employment Status Survey allow us to construct a measure of skill that is more accurate than the one based on production and nonproduction labor generally used in preceding studies. In the Population Census and the Employment Status Survey, workers are basically classified according to ten major groups as shown in table 1A.1. We distinguished two skill groups (skilled or unskilled) as well as production/ nonproduction classifications. Skilled workers are those classified in major groups 1 (professional and technical occupations) and 2 (managers and administrators). Otherwise, workers are classified as unskilled. Moreover, production workers are those classified in major group 9 (plant and machine occupations, craft and related occupations, and occupations in mining and construction). Workers classified in all the other major groups are categorized as nonproduction workers.
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Measurement Method and Data Source for Vertical Intraindustry Trade
In order to identify vertical and horizontal intraindustry trade (IIT) we adopt the methodology used by major preceding studies on vertical IIT such as Greenaway, Hine, and Milner (1995) and Fontagné, Freudenberg, and Péridy (1997) . The methodology is based on the assumption that the gap between the unit value of imports and the unit value of exports for each commodity reveals the qualitative differences in the products traded between the two economies.
We break down the bilateral trade flows of each detailed commodity category into the following three patterns: (a) interindustry trade (one-way trade), (b) intraindustry trade (IIT) in horizontally differentiated products (products differentiated by attributes), and (c) IIT in vertically differentiated products (products differentiated by quality). Then the share of each trade type is defined as:
where the variables are defined as M kkЈj : value of economy k's imports of product j from economy kЈ; M kЈkj : value of economy kЈ's imports of product j from economy k; UV kkЈj : average unit value of economy k's imports of product j from economy kЈ; UV kЈkj : average unit value of economy kЈ's imports of product j from economy k.
The upper-suffix Z denotes one of the three intraindustry trade types, that is, one-way trade (OWT), horizontal intraindustry trade (HIIT), and vertical intraindustry trade (VIIT) as in table 1A.2. For our analysis, we chose to identify horizontal IIT by using the range of relative export/import unit values of 1/1.25 (i.e., 0.8) to 1.25.
We used Japan's customs data provided by the Ministry of Finance
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(MOF). Japan's customs data are recorded at the nine-digit HS88 level and the data classified by HS88 are available from the year 1988. The nine-digit HS88 code has been changed several times for some items, and the HS code was revised in 1996. Using the code correspondence tables published by the Japan Tariff Association for code changes, we made adjustments to make the statistics consistent with the original HS88 code. In Japan's customs statistics, export data are recorded on a free on board (f.o.b.) basis, while import data are on a cost plus insurance and freight (c.i.f.) basis. We should note that our estimate of the VIIT share is biased upward because of this difference.
Outsourcing Measures
Following Feenstra and Hanson (1999) and other previous studies, we constructed outsourcing measures as follows:
For each industry i, we measure imported intermediate inputs as We mainly used IT hardware stock data in the JIP database. For details on the JIP database, see Fukao, Inui, Kawai, and Miyagawa (2004) . Tangible IT assets (hardware) include office machines, computers, computer peripherals, communications equipment, optical instruments, and medical instruments. As only data until 1998 are available in the JIP database, we extended the IT hardware stock until 2000 by using the annual growth rate of real IT hardware stock from 1998 to 2000 in the JCER IT data. 19
IT Software (Million Yen, 1990 Prices)
We constructed industry-level software stock data using the JIP database, the JCER IT data, and the software investment data underlying Motohashi (2002) and Jorgenson and Motohashi (2003) . 20 The JCER data provide real software stock by two-digit industry but include only ordermade software. In the JIP database, real software stock data that cover inhouse software and general application software as well as order-made software are available until 1999. Therefore, we first divided the JIP software stock value at the macro level into each two-digit industry using the 44 Keiko Ito and Kyoji Fukao 20. We are also grateful to Dr. Kazuyuki Motohashi at the University of Tokyo for providing the data. distribution ratios in the JCER IT data. Then, we further divided it into the JIP industry classification, using the distribution ratios of IT hardware by JIP industry. Because the JIP software stock data are available only until 1999, for the year 2000 we calculated the macro-level real software stock, using Motohashi's software investment data and software deflators.
Non-IT Physical Capital Stock (Million Yen, 1990 Prices)
Physical capital stock data including IT hardware stock by industry are available in the JIP database until 1998. We extended the data up to 2000 by using the investment data in METI's Report on Industry Statistics, which is based on the Census of Manufacturers. First, we aggregated the data on investment in fixed assets in the Report on Industry Statistics into the JIPindustry level and then deflated them using the gross domestic capital formation deflator (plant and equipment) in the Annual Report on National Accounts released by the Cabinet Office, Government of Japan. We assumed a depreciation rate of 10 percent and estimated the real physical capital stock for 1999 and 2000. Non-IT physical stock is defined as physical capital stock minus IT hardware stock.
Value Added (Million Yen, 1990 Prices)
We used value added data in the JIP database up to 1998. The data for 1999 and 2000 were constructed using the SNA Input-Output Tables released by the Cabinet Office, Government of Japan.
R&D Expenditure (Million Yen, 1990 Prices)
We used R&D expenditure data in the JIP database up to 1998. We extended the data up to 2000 using the Report on the Survey of Research and Development, Ministry of Public Management, Home Affairs, Posts and Telecommunications. The deflators were taken from the Annual Report on the Promotion of Science and Technology, Ministry of Education, Science, Sports and Culture.
This variable is calculated in the same way as VIITworld/shipments. VIITasia9 takes account of Japan's trade with the following nine Asian countries: China, Korea, Taiwan, Hong Kong, Singapore, Indonesia, Malaysia, the Philippines, and Thailand.
VIITnon-asia9/shipments (%)
This variable is calculated in the same way as VIITworld/shipments. VIITnon-asia takes account of Japan's trade with all countries other than the nine Asian countries.
KL (Million Yen per Person, 1990 prices)
The capital-labor ratio was calculated using physical capital stock data and data on the number of workers taken from the JIP database for 1988-1998.
Wage (1990 ‫؍‬ 1.0)
The labor-quality-adjusted wage index was taken from the JIP database for 1988-1998. (1990 ‫؍‬ 1.0) The rental price index of capital was taken from the JIP database for 1988-1998.
Rental Price

Comment
Chin Hee Hahn
Here is what I think this paper did. First, this paper starts out with some facts. It shows that, compared with the United States, Japan's economic growth until the 1990s was more dependent upon inputs accumulation, such as physical capital and labor quality growth. Also, it shows that the rate of return on capital has declined continuously for the past three decades and that, compared with the United States, the college wage premium increased only slightly.
Then, this paper raises the following question. Does the changing trade pattern reflect the changes in factor endowment conditions in such a way as to prevent the forces of diminishing returns to set in? This question is motivated by the presumption that if the Japanese economy adequately specialized in the physical and human capital-intensive products, especially during the 1990s when international division of labor with other East Asian countries expanded, the rate of return to physical capital, in particular, might not have declined continuously as observed.
To address this question empirically, this paper examines both interindustry and intraindustry trade and relates them to the changes in factor intensities. First, this paper performs factor content analysis and finds out that during the 1990s Japan increased net exports of physical capital stock and nonproduction labor but decreased net exports of production labor, which is consistent with the Heckscher-Ohlin theory. That is, the authors find that in terms of interindustry trade, the changes in the trade pattern during the 1990s reflects deepening of physical and human capital. Then the authors move on to examine whether international division of labor with other East Asian countries or vertical intraindustry trade (VIIT) can explain capital deepening and skill upgrading. They do not find any significant relationship between VIIT and the capital-labor ratio. As for Physical and Human Capital Deepening and New Trade Patterns in Japan 49 the skill upgrading, they get mixed results, which is sensitive to the definition of skilled labor. The conclusion of the paper is that Japan is not adequately specializing in the export of capital-intensive goods so that trade did not play a large role in offsetting excess supply of capital.
Let me make several comments on this paper. My first comment is on the way the conclusion is drawn out. In fact, this paper carries out two types of analyses: factor content analysis and factor intensity regressions. However, with regard to the question of whether the changes in trade pattern adequately reflect the changes in factor endowments, these two analyses produces different answers. The factor content analysis shows that the changes in the trade pattern are consistent with capital deepening, for example. To the contrary, the factor intensity regressions show that the industry capital-labor ratio is not explained by VIIT. Because these two analyses give us two different pictures on the role of trade, the issue becomes a quantitative one. In other words, the issue becomes whether the factor content increase in the net export of capital during the 1990s was or was not sufficient enough to fully accommodate the aggregate capital deepening. However, the authors avoid this issue by providing a decomposition analysis, which suggests that aggregate capital deepening is largely attributable to within-industry effect. Based on this result, the authors seem to take the results on VIIT more seriously than the results by factor content analysis to reach their conclusion. Insofar as the decomposition analysis is sensitive to the level of aggregation, it doesn't seem to be clear enough whether we can draw out a clear conclusion relying on the capitallabor ratio regressions. That is, how much weight to put on the results from factor content analysis to evaluate the role of trade seems to be an unresolved issue. Recognizing this, the conclusion of the paper is only suggestive rather than conclusive.
My second comment is that the authors seem to rely too heavily on trade in order to explain the decline in rate of return to capital. Although the decline in the returns to capital could well be attributable to the inadequate changes in capital-intensive exports, it could be also attributable to the decline in the rate of total factor productivity improvement, especially during the 1990s. Table 1 .1 of this paper clearly shows that the decline in the total factor productivity (TFP) growth rate is exactly what happened during the 1990s. Given this possibility, an entirely different interpretation of the results is not impossible. The story could go as follows. The factor content analysis suggests that the trade pattern changed, reflecting rapid capital deepening and skill upgrading. Although the decomposition exercise shows that capital deepening is largely attributable to within effect, this result could suffer from the industry aggregation problem and uncontrolled macroeconomic conditions. Thus, even though the VIIT did not contribute significantly to the capital deepening and skill upgrading, changes 50 Keiko Ito and Kyoji Fukao in trade patterns by and large played the role of offsetting the excess supply of capital. Given the decline in the TFP growth rate during the 1990s, the rate of return to capital would have declined further if it were not for the changes in trade patterns.
Comment
Ji Chou
The paper utilizes Japanese economic data to analyze vertical intraindustry trade (VIIT) and the division of labor in East Asia comprehensively and rigorously. The paper covers aspects from macroeconomics, industrial level to firm level, and the paper analyzes the argument step by step and includes notes for the possible drawback of compiled data. The paper achieves the research goal with some interesting issues left. First, the finding that VIIT instead of outsourcing has a strong and positive relationship with skilled workers' share contrasts cases in the United States Hanson 1996a,b, 1999) and the United Kingdom , but the finding is similar to another Japanese study .
Because VIIT is goods differentiated by quality, while outsourcing is the import of intermediate inputs, high quality products could be critical components, rare materials, and highly value added final products. The industry, whose outsourcing measure is high in Japan as shown in table 1C.1 is not necessarily a technology-intensive industry. Therefore, the demand for skilled workers might not be high.
Second, the between effect is negative in the decomposition of capitallabor ratio growth as shown in figure 2.5 and figure 2.6 of the text. The authors accused it of the decline in private investment. But the decline of private investment might be caused by the decline of export demand rather than domestic demand. Because the between effect reflects the reallocation of capital among industries, the negative between effect might imply that the price in Japan cannot reflect market change promptly. This argument corresponds to the authors' last statement in their conclusion: "VIIT patterns might not be determined by the price of capital, but by other factors."
Third, the regression in the study seems to use the pooling estimation; the panel data approach may provide more information about the time and cross-section aspect.
Fourth, the authors use single-country data to analyze the VIIT and the division of labor in East Asia. Although the analysis catches most pictures of the Asian trade structure, the contribution of the NICs' foreign direct Physical and Human Capital Deepening and New Trade Patterns in Japan 51
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